TI TLE OF THE | NVENTI ON SCREW COMPRESSOR BACKGROUND OF THE | NVENTI ON ( FlI ELD
OF THE I NVENTI ON) The present invention relates to a screw conpressor
(DESCRI PTI ON OF THE RELATED ART) In a general screw conpressor for
conpressing the air by a pair of nale and fenale screw rotors, lubricating
oil is filled into a rotor chanber for lubricating and sealing between the
screw rotors and between the screw rotors and the rotor chanber or for
cooling the screwrotors or the like. In such a screw conpressor in which

the lubricating oil is usedTITDE OFOTHRINVENDION s separated fromthe
di scharged conpressed air by an oil separator, and then the separated

| ubricating oil isfilledintﬁrﬁﬁw R again. The lubricating oil
is also filled into bearing chanbéers housing earlngs for supporting shafts
of the screwrotors so as to lubricate the bearings. The lubricating oil
overflow ng fromthe bearing chanbers is withdrawn and filled into the
rotor chanber or the bearing ch nbers a Since heat generated in the
rotor chanber and the bexALh: WY DAJH S MENELON of  the Iubricating
oil, there are a nunber of screw co ressors prow ded with an oil cooler
for cooling the withdrawn |EBELEROF nﬁHE INVENTEI@N)a screw conpressor of an
oil cooling type, although the lubricating oil is separated fromthe

di schar ged conpThe$edsditrink¥ntibg reldtes $€pakcaéwconfredsdr. content i s not
easily conpletely removed fromthe conpressed air. Therefore, in a food
factory, a medicine fa@]DEBGRFP’]H(ﬁQ'@F@HEJREHWI@E@R’I‘)aCtOW or the like

where the clear conpressed air not including

In a general screw compressor for compressing the air by a pair of
male and female screw rotors, lubricating oil is filled into a rotor chamber for
lubricating and sealing between the screw rotors and between the screw
rotors and the rotor chamber or for cooling the screw rotors or the like. In

| such a screw compressor in which the lubricating oil is used, the lubricating
ol is sepz;rated from the discharged compressed air by an oil separator, and
then the separated lubricating oil is filled into the rotor chamber again.
The lubricating oil is also filled into bearing chambers housing bearings for
supporting shafts of the screw rotors so as to lubricate the bearings. The
lubricating oil overflowing from the bearing chambers is withdrawn and
filled into the rotor chamber or the bearing chambers again. Since heat
generated in the rotor chamber and the bearings increases a temperature of
the lubricating oil, there are a number of screw compressors provided with
an oil cooler for cooling the withdrawn lubricating oil.

In such a screw compressor of an oil cooling type, although the
lubricating oil is separated from the discharged compressed air by the oil
separator, an oil content is not easily completely removed from the
compressed air. Therefore, in a food factory, a medicine factory, a precision
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the oil content is required, it is not possible to use the screw conpressor
in which the screwrotors are lubricated by the oil. Consequently, a screw
conpressor in which water is supplied to a rotor chanber and screw rotors
are lubricated, sealed and cooled by water is proposed. However, since water
has | ow viscosity, the screwrotors are not easily directly nmeshed with
each other. Therefore, in a screw conpressor in which netal screwrotors
are lubricated by water, there is a need for providing synchronous gears
meshi ng wetjhipaaeit fadtery dtpthelikehwheraithg cldwe caxpmasedtair aot mmdodsnpf r ot or
shafts. In the screw conpressor, although there is also a need for

| ubri cati fHe bllecontBAN P POHUE 8@t Ss MR P dsBibIe 86 usBethe Bl Shdpiess@nth a gear
for transmitting rotation force of a notor to the rotor shafts, water does

not - easi |y 9hel EARLY thiL T £3 RubAGBRONP thBYoiR0aehh Oty akif] N0 gAY NOS as

t he bearings of the screwrotors, I ngs can even by
wat er. However, the slidin earings ,.have a probl emt hat cl earance is
o e so CRPresst ap ShiPrade LSRRl 10 per ot Phamber and sifeFerfifge. so
that the life is shqrt due to th iction, Therefore, rolling bearings are
desi r abl yaagﬁabnweﬁsﬁ e&é‘é’idﬁ‘)@i‘?&&y MeALEY &S Prapdsefln water |ubrication, the
screw rotors can be directly meshed with each other. However, the resin
screw rotors hloweyerasgme hatemhasxsansiisrostiyefthecsaaw rotans myeahotcr ew

rotors, and there is also a concern about absorbing water over the |apse of

time and eaxippdiveotly nibslicl aith eddieoiteear Theeefose, riacuiscresy ¢ompressst anded and
hence there is a problemof an inferior performance. As nentioned above, in

the screwyaaeR' Rpar sbiev MALRY akdDRIbEREHED by WXRE, thBfe 1834 i NGt dpd the
gears are desirably lubricated by lubricating oil.
providing synchronous gears meshing with each other for synchronizing the
screw rotors in ends of rotor shafts. In the screw compressor, although
there is also a need for lubricating the synchronous gears, bearings of the
rotor shafts and a gear for transmitting rotation force of a motor to the rotor
shafts, water does not easily sufficiently lubricate the above.

By adapting sliding bearings as the bearings of the screw rotors, the
bearings can be lubricated even by water. However, the sliding bearings
have a problem that a clearance is large so that center-adjustment accuracy
is low and friction is large so that the life is short due to the friction.
Therefore, rolling bearings are desirably used.

By using resin screw rotors, even in water lubrication, the screw
rotors can be directly meshed with each other. However, the resin screw
rotors have a larger linear expansion coefficient than metal screw rotors, and
there is also a concern about absorbing water over the lapse of time and
expanding. Therefore, the clearance is required to be extended and hence
there is a problem of an inferior performance.

As mentioned above, in the screw compressor of a water lubricating
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Therefore, in the screw conpressor of a water |ubricating type, the

| ubricating oil is enclosed in bearing chanbers housing the bearings and the
gears and oil reservoirs in which parts of the bearings and the gears are

di pped are forned. However, since heat generated due to the friction

bet ween the bearings and between the gears |leads to a tenperature increase
of the lubricating oil, there is a problemthat failure in lubricating is
caused or that the life of the lubricating oil is shortened. Wen providing
i nci dent akygaiahkeiBearhizswind ihe heaksaié dakirablylubragdtsdiior lubidtesg oflg t he
bearings and the gears is guided to the exterior of the conpressor so as to
perform Cygllgfof@0kih Nthe CRTEW ToMIARSSIrY RIfY al REALRRS RtbriGHMAA

| N\VENTION T n consideration to the above problens, the present ‘Invention is

to provi . [ I bl e 10f |4 y i Eale o]

beari ngs g‘&@%&gﬁg\}ﬁ%gﬁﬁﬁéggﬁﬁgg’?ﬁ %hua}%ﬁﬁg)l% %&%&Pg&vﬁgﬁ%ﬁ%ﬁoﬂﬂq ﬂ%f\hl ch
screw rotors are I]._ngri cat ed by ter. Inﬁgrger t 0, achi e\(zie t he above object,
a screw c8RApFeaRd Ot grgTveRs in whith pagksipbahe beagings spdtheceedts FEiml e
screw rotors nmeshing with each other, the screw rotors being housed in the
rot or chadimred paarfonmeds orHowepewr sinag heatogesprdted duetmtgerﬁwtm ors,
beari ng chanbers for retaining the bearings, the bearing chanbers being
provi ded betweei the bsmnings nadfbetwesh che ggatslenidsabiangempératandimrohsang pi pes
t hrough which cooling liquid flows, the cooling pipes being fornmed so as to

pass throgffhd Rbreddtin£68! MreSs AFodletnNthat Failliee 2P QNBricAFHhE YD, the
| ubricating oil for the 3 bearings can be cool ed down by exchangi ng heat

with the SPoigid”tg thé e oft HOUABricABnEORN B9 M AEenYA L NiihERC &g
conpressor. Since the above
incidental facility in which the lubricating oil only for lubricating the
bearings and the gears is guided to the exterior of the compressor so as to

perform cyclic cooling, cost is excessively increased.

SUMMARY OF THE INVENTION

In consideration to the above problems, the present invention is to
provide a screw compressor capable of cooling lubricating oil for bearings of a
screw compressor, particularly a screw compressor in which screw rotors are
lubricated by water.

In order to achieve the above object, a screw compressor comprises a
rotor chamber, a pair of male and female screw rotors meshing with each
other, the screw rotors being housed in the rotor chamber, bearings for
supporting rotor shafts of the screw rotors, bearing chambers for retaining
the bearings, the bearing chambers being provided with oil reservoirs for
storing lubricating oil, and cooling pipes through which cooling liquid flows,
the cooling pipes being formed so as to pass through the oil reservoirs.

According to the above configuration, the lubricating oil for the
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configuration is sinple, cost is only slightly increased, failure in

| ubricating is prevented by cooling down the lubricating oil, the life of

the lubricating oil and the bearings is prolonged and the screw conpressor
can be operated at high speed. In the screw conpressor of the present

I nvention, the cooling pipe preferably conmmunicates with the rotor chamnber
so as to supply the cooling liquid to the rotor chanber. According to the
above configuration, cooling water of the screw rotors is used as the

cool i ng | batidek afancbel dddled @uvit e bxdHdrmah i igeat vith Ther @obing, livhigt e is no
need for special cooling equipnment. In the screw conpressor of the present

| nvent| Onthﬁ)tueéhei‘ﬁé Bfibin TpibBE witBhPthe @kbw @m#f@ss%ﬁres‘lrfcgtﬂfes abfve have a
ari ng chanber, of may be

gear in the b and at |east a par t he gear di pped

ooari ngs. bURERTA s, S50 by SHRRAY ufe Bl o SR i it

beari ngs s can”be

| ubricating oil. In,the screw conpressor of the. prese I nventi on, out er
shape of 13 PEEVsted BESPoBRE AR i BhriratinigpilyiHie lbfzeré}t the lohaicgbae Al | east
dipped in the lubricating oil nay be fornmed in a cylindrical shape which is
slightly haddde bearmesais prolengesbangdHbeyscotwidempreasor eae bedipegates ahe above
configuration, an anount of the lubricating oil mxed by the gears and heat

gener ati ohiglsspestliced. Therefore, a tenperature of the lubricating oil can
be maintained low In the screw conpressor of the present invention, the

gear may be a n GRANREEWHDIESAIssHP ofMBhe Hhresbrt 1verf 96 ethes chdlats pipd ed from
a drive source, or the gear may be synchronous gears provided in both the
rotor shapbsreriBl§ communicates with the rotor chamber so as to supply the cooling
liquid to the rotor chamber.
According to the above configuration, cooling water of the screw
rotors is used as the cooling liquid for cooling down the lubricating oil.
Therefore, there is no need for special cooling equipment.
In the screw compressor of the present invention, at least any of the
rotor shafts of the screw rotors may have a gear in the bearing chamber, and
at least a part of the gear may be dipped in the oil reservoir.
According to the above configuration, not only the bearings but also
the gears can be lubricated and cooled down by the lubricating oil.
In the screw compressor of the present invention, an outer shape of
the oil reservoir which is just below a part of the gear at least dipped in the
lubricating oil may be formed in a cylindrical shape which is slightly larger
than an outer periphery of the gear.
According to the above configuration, an amount of the lubricating oil
mixed by the gears and heat generation is reduced. Therefore, a
temperature of the lubricating oil can be maintained low.

In the screw compressor of the present invention, the gear may be a
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synchronous gears nmeshing with each other for synchronously rotating the
rotor shafts. According to the above configuration, the gears for driving
and synchronizing the screw rotors can be |ubricated and cool ed down. In
the screw conpressor of the present invention, a dianeter of the cooling
pi pe passing through the oil reservoir in which the connection gear is

di pped may be |l arger than a dianeter of the cooling pipe passing through the
oil reservoir in which the synchronous gears are di pped. According to the

above congdrgibctionafbaraotwigicalotatiem fofce 36 orraingidtebfoneandiveséutee] e@at i ng
oil of the connection gear and the cooling liquid is |larger than a thernal

transm ssjn F@éﬁ%%ﬁ%\éﬁﬁhch%n&ﬁ@rgjeﬁfé b@&vilﬂb%fiﬁz tﬁéeﬂﬁ the Y&l SRS arars and

the cooling Fquid.” And ‘the |ubri cating ol connecti on gear having

cynohr oncad pubhEia bREe fulBhe RRF p A HmERTR, Shhlfbon BB kot lE the cccor

of the present.ipvention, the cooling pipe passing through the oil

reservoi rrqtﬂrﬁh?@ﬁ- t he connection gear is dipped and the cooling pipe
passi ng through the oil reservoir in which the synchronous _gears are di pped
may be connect eficaosdistg Hoothrerabiovepeenfigunations cdtedigegrs ofor hdnxing eand
configuration, a flowrate of the cooling liquid flow ng through the

cool i ng psyschshnizing shs saretvhratogs cih dedubricasel aod cosled ddwich t he connecti on
gear is dipped can be differentiated froma flowrate of the cooling liquid

f1owi ng throughly fige 6&@W BEMPIrESoMIfahePRTESERt IdWeiitdh, thdiaBeter &5@1av0i r in
whi ch the synchronous gears are di pped by a pipe dianeter or 5 the I|ike.

e 1o Sty A RO Ll e RHEL M Sknilon gk [ o o1
dipped may be larger than a diameter of the cooling pipe passing through the
oil reservoir in which the synchronous gears are dipped.

According to the above configuration, a thermal transmission area
between the lubricating oil of the connection gear and the cooling liquid is
larger than a thermal transmission area between the lubricating oil of the
synchronous gears and the cooling liquid. And the lubricating oil of the
connection gear having larger transmitted torque and larger heat generation
amount than synchronous gears can be sufficiently cooled down.

In the screw compressor of the present invention, the cooling pipe
passing through the oil reservoir in which the connection gear is dipped and
the cooling pipe passing through the o1l reservoir in which the synchronous
gears are dipped may be connected to each other in parallel.

According to the above configuration, a flow rate of the cooling liquid
flowing through the cooling pipe which passes through the oil reservoir in
which the connection gear is dipped can be differentiated from a flow rate of
the cooling liquid flowing through the cooling pipe which passes through the

oil reservoir in which the synchronous gears are dipped by a pipe diameter or
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maybe forned by copper pipes. According to the above configuration, the

| ubricating oil can be efficiently cooled down by the copper pipes which
have high thermal conductivity. In the screw conpressor of the present
invention, cooling fins may be provided on the outside of casings formng

t he bearing chanbers. According to the above configuration, in addition to
heat exchange wth the cooling liquid, heat of the lubricating oil can be
di scharged to the outside air through the casings. According to the present

i nventi onthb¥ika. siihereforend diffurahcein hablinghdfeetdohh h@ Pe¢lgsseehi ch pass
through the oil reservoirs of the lubricating oil of the bearings of the

rotor shafts ar e, RREWICHER, coirdsWoF bE Bhi MkeSirlt §ARNERN, GRE! @RLiARRpedher eby,

the failure in lubricating 1's prevented, the Iife of the lubricating oil
and the bear. i |l on the screw conpressor can be operated at
hi gh spee .a%ggéﬂllﬁggé%c&fﬁ%gp%@gTHE DRAWNGS Fig. 1 is a horizontally
sectional view qf a screw conpressor agcordin to.a first enmhodi nent of the
present inventi gﬁ?‘n}di”@g t itgeaa}\’fé’ret CeBREyraiaed ey lubricqting gﬁec%r v
conpressor of Fig. 1, Fig. 3 is a sectional view of a bearing chanber on
t he i nt akeffitiertlpf coalnd dewnwbrohle ecopmer opimeisg which Fhgve shigh ghewmial onal
view of a bearing chanber on the discharge side 6 of the screw conpressor
of Fig. 1lcokdwctivaty.s a horizontally sectional view of a screw conpressor
according to a second enbodi nent of the present invention;
In the screw compressor of the present invention, cooling fins may be
provided on the outside of casings forming the bearing chambers.
According to the above configuration, in addition to heat exchange
with the cooling liguid, heat of the lubricating oil can be discharged to the
outside air through the casings.
According to the present invention, by a simple configuration that
the cooling pipes which pass through the oil reservoirs of the lubricating oil
of the bearings of the rotor shafts are provided, the lubricating oil can be
cooled down. Thereby, the failure in lubricating is prevented, the life of the

lubricating oil and the bearings is prolonged and the screw compressor can

be operated at high speed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a horizontally sectional view of a screw compressor according
to a first embodiment of the present invention;

Fig. 2 is a vertically sectional view of the screw compressor of Fig. 1;

Fig. 3 is a sectional view of a bearing chamber on the intake side of
the screw compressor of Fig. 1;

Fig. 4 is a sectional view of a bearing chamber on the discharge side

6



Fig. 6 is a vertically sectional view of the screw conpressor of Fig. 5;
Fig. 7 is a horizontally sectional view of a screw conpressor according to
a third enbodi nent of the present invention; Fig. 8 is a horizontally
sectional view of a screw conpressor according to a fourth enbodi nent of
the present invention; Fig. 9 is a vertically sectional view of a screw
conpressor according to a fifth enbodi nent of the present invention; and
Fig. 10 is a sectional view of a bearing chanber on the discharge side of
t he scr ewof thipsaesocomprdssgr oDFigOHSCRI PTI ON OF THE PREFERRED EMBODI MENTS
Hereinafter, a description will be given to enbodi nents of the present

invention w th Fef ey RNCRo# 2o 28l yHeatoRdd vidw 66a sdresneordp SEKR0r Acedridens
conpressor 1 according to a first enbodi nent of the present invention. In

t he scr ewtggggtégﬁégh%@eﬁgioﬁp%prw t%ife}gg%gi&qal e screwrotors (nale rotor

and femal e S other are rotatably housed in a
rotor chanber 3 formed in a ousin .. The,.screw rotors 4 and,5.are rotated
so as to intakel %(ﬁ%ow?gégalfyh%ectlgﬂp}ﬂ%%ogﬁh? ﬁ?g%c%?feséoﬁé?ﬁ'ﬁ:ﬁ%i%at ing
with the rotor chanber ﬁ formed in the h.ousitpg 2, and di scharges the
conpressed air Fi®ni i ahedreni@dlysctional Ravopl 3 erers CENARRFSOT FECNIBE cr ew
rotors 4 and 5 are rotatably 7 supported by rolling bearings 12 and 13
retai ned ithaiidard empbodumbiet of tie present invessputti vel y formed on both sides of
the rotor chanber 3. The rotor chanber 3 and the bearing chanbers 10 and 11

are separat ed fFign&mchhodiherallyysestiohabgiogweobesereldcamgrdssor hbeoridems i ng
chanber 10 on the intake

to a fourth embodiment of the present invention;
Fig. 9is a vertically sectional view of a screw compressor according to
a fifth embodiment of the present invention; and

Fig. 10 is a sectional view of a bearing chamber on the discharge side

of the screw compressor of Fig. 9.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, a description will be given to embodiments of the
present invention with reference to the drawings.

Figs. 1 and 2 show a screw compressor 1 according to a first
embodiment of the present invention. In the screw compressor 1, a pair of
male and female screw rotors (male rotor and female rotor) 4 and 5 meshing
with each other are rotatably housed in a rotor chamber 3 formed in a
housing 2.

The screw rotors 4 and 5 are rotated so as to intake and compress the
air from an intake port 6 communicating with the rotor chamber 3 formed in
the housing 2, and discharges the compressed air from a discharge port 7.

Rotor shafts 8 and 9 of the screw rotors 4 and 5 are rotatably
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side is sealed by a flange 17 of a notor 16, and the bearing chanber 11 on
the discharge side is sealed by a cover 18. In an end on the intake side of
the rotor shaft 8 of the male rotor 4, a connection gear 19 is provided.
The connection gear 19 nmeshes with a drive gear 21 provided in a notor
shaft 20 protruding in the bearing chanber 10 fromthe flange 17 of the
notor 16, and transmts rotation force of the notor 16 to the rotor shaft
8. In ends on the discharge side of the rotor shafts 8 and 9, synchronous

gears 22 ghfipédedbyhiolinphehriags h2aitibl3 sipedn Bedringhthagaalnonaws gears

22 and 23 synchronize rotation of the rotor shafts 8 and 9 and rotate the

screw rot qﬁs%ezegpggm\g},ﬁysgrﬁl%dngh p(gghng,-[&egeoﬁ@ﬁé‘%&g&t %Bénﬂ)ie%ng'i gThg ffipt act

wi th each ot mai ntal ni ng a cl earance. shown

| ubricating ol fpr respectively.l ubgicatpin bearin and 13 is
encl osed Fadher s apiBRe RmBerchtiihpi 10" ad 0 apE AR e d i PReAth oi1 i s
stored on the | ower, side aof the bearpng,chanbers 10 and_ 11 and forps oil
reser voi r 8ther bihgealing wegehars g %nfirhe W@ﬁ@%ﬁarmg Charaﬁ%l ovchedntake of |
reservoirs 24 and 25 is such that at |east parts of the bearings 12 and 13,

t he conneesideds sgaled hoa flaagendy efymntoteonbbsand the bearingchapsderrd on pped under

the liquid. As shown in Figs. 3 and 4, the screw conpressor 1 has a cooling
pi pe 26 fischmdgdyide iscppkd iy peopast8ng t hrough fromthe exterior of the
housing 8 2 to the interior thereof and further to the exterior thereof so

as to pass thrpygh ddoRithe i9EHeVQlE of thOtofoP@hAERS 0P eh& dTBGbtchO4,0D the
I ntake side, and a cooling pipe 27 forned by a copper pipe passing through

fromthe eXierdd o@fr 19 FRVEIed 8 THe Efndctiod L 19RIRREs Ith huRhiher to

t he exterior
gear 21 provided in a motor shaft 20 protruding in the bearing chamber 10

from the flange 17 of the motor 16, and transmits rotation force of the motor
16 to the rotor shaft 8.

In ends on the discharge side of the rotor shafts 8 and 9, synchronous
gears 22 and 23 meshing with each other are provided. The synchronous
gears 22 and 23 synchronize rotation of the rotor shafts 8 and 9 and rotate
the screw rotors 4 and 5 so as not bring the screw rotors 4 and 5 in contact
with each other with maintaining a clearance.

As shown in Fig. 2, lubricating oil for respectively lubricating the
bearings 12 and 13 is enclosed in the bearing chambers 10 and 11. The
enclosed lubricating oil is stored on the lower side of the bearing chambers
10 and 11 and forms oil reservoirs 24 and 25 respectively. The height of
liquid level of the oil reservoirs 24 and 25 is such that at least parts of the
bearings 12 and 13, the connection gear 19 and the synchronous gears 22
and 23 are dipped under the liquid.

As shown in Figs. 3 and 4, the screw compressor 1 has a cooling pipe
26 formed by a copper pipe passing through from the exterior of the housing
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t hereof s
on the di

to the h
installin
pi pe 26 p
wat er (co
water flo
t hrough t

0 as to pass through the oil reservoir 25 of the bearing cha
scharge side. The cooling pipes 26 and 27 are airtightly att
ousing 2 and the cover 18 by bored-through joints 28 used fo
g a thernmocouple or the like. As showmn in Fig. 1, to the co

nber
ached
r
oling

11

assing through the bearing chanber 10 on the intake side, cooling

oling liquid) is supplied from a water cooler 29. The cooli
wi ng through the inside of the cooling pipe 26 which passes
Betoothe imteiorothrerddf ahdt furtheato nhe ettariberthtPedfusd harto pass

ng

t hrough the inside of the cooling pipe 27 which passes through the oil

reservoi r tigpugh theofadkbR@i€Randtethel beink th anth&C har@e tlsé fsalansidsuppl i ed
tor chanmber 3. The cooling water "supplied to the rotor chanber 3

tothe ro
cool s do
bet ween t
an i nner

nAF cROAE PR P K@l byl Ao RE bR ATnd RBtuch L 3

otor charReried ot ERYelr 1EBTRE, itauibr ek, bR AIRIRy RBE: Kefenh

conpr esse
30 and re
tenperatu

s
5 and
t he
h t he

air, separated fromth conpressed aif .in a gas-liquid separator
thereefise asﬁﬁé)%att&rme%ﬁge oibreseryplf #d &%W%g@bw%er, 115
re of the lubricating oil enclosed in the bearing chanbers 10 and

11 i s i ncordbedidvhangasidgendihet doohinggripes 86 mold 2 hard airtighsly atsackesshta he
12 and 13, friction between the 9 connection gear 19 and the drive
gear 21 aglk housinigdhahéttheeovéhed byhuebd ahessclyfants 22 udbd fésSinstalinpeat

beari ngs

generatio
water flo
| ubricati

n due to agitation of the |lubricating oil. However, the coo
WitRErnhbsh e bRghe MXd Ng pipes 26 and 27 exchanges heat with

ng oil through the cooling pipes

As shown in Fig. 1, to the cooling pipe 26 passing through the bearing
chamber 10 on the intake side, cooling water (cooling liquid) is supplied from
a water cooler 29. The cooling water flowing through the inside of the
cooling pipe 26 which passes through the oil reservoir 24 of the bearing
chamber 10 further flows through the inside of the cooling pipe 27 which
passes through the oil reservoir 25 of the bearing chamber 11 on the
discharge side, and supplied to the rotor chamber 3. The cooling water
supplied to the rotor chamber 3 cools down the rotor chamber 3 and the
screw rotors 4 and 5, and seals between the screw rotors 4 and 5 and between
the screw rotors 4 and 5 and an inner wall of the rotor chamber 3. The
cooling water supplied to the rotor chamber 3 is discharged from the
discharge port 7 together with the compressed air, separated from the
compressed air in a gas-liquid separator 30 and returned to the water cooler
29.

In the screw compressor 1, a temperature of the lubricating oil
enclosed in the bearing chambers 10 and 11 is increased by heat generation

due to rolling friction between the bearings 12 and 13, friction between the
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26 and 27 so as to take off the heat of the lubricating oil. Therefore, the

tenperature of the lubricating oil is prevented from bei ng excessively
i ncreased. As nentioned above, in the screw conpressor 1, by providing the
cool ing pipes 26 and 27, overheat of the lubricating oil is prevented.

Therefore, seizing of the bearings 12 and 13 and the gears 19, 21, 22 and 23
due to failure in lubricating can be prevented, and hence a conpression
ability can be enhanced by rotating the screw rotors 4 and 5 at hi gh speed.
Det er i or atbmtedtiont ealrull9i aald theoidriveargdae 2voiatkedd fbitiphe \hetiveay tihe
overheat of the lubricating oil, and hence nai ntenance cost of the screw

conpr e_SS0§¥ﬁch1%ﬁ6u9%e%§§%eﬂnd"@$tanfih@§t gendhsifn TS agftatnCoMpEssor 1
according to a second enbodinent of the present invention. In the follow ng

descripti .Sk ongt | t q I :
ment i oned%%(\?/@% Pﬁ b?dv%%ghﬂﬁé@g{réﬁzgteﬁg@g%élrrgggﬂé Cghgﬁgr%g%%ri ption
t hereof w,l.l b mtied. n the,sgrew.conpressqr,l a di ng,.t 0 t.he present
enbod: mentb AP afachatzes hEMeRago e SRR ST baoRet the SOgHnE e |
reservoir 24 of the bearin chapber 10 whi ch houses the connection gear 19
i s | arger 26ranfl 27dmasttertake off the dirati ofgths hbricating 61lng Therefegn, the oi |
reservoir 25 of the bearing chanber 11 which houses the synchronous gears
22 and 23teriperatanmectt itha hdmicating rahasi psewenited hirohorliping oexqussively by t he
10 notor 16 to the rotor shaft 8 of the male rotor 4. However, the

synchr onouscregéal.s 22 and 23 only transmt a part of the torque of the notor
16 to the rotor shaft 9 of the female rotor 5 and synchroni ze both the

gg; or shafts 8 ABnentiohBA" MdVe? in P 3tredP UHAMADAIPHY pRfvidilg fRNNECt i on

cooling pipes 26 and 27, overheat of the lubricating oil is prevented.
Therefore, seizing of the bearings 12 and 13 and the gears 19, 21, 22 and 23
due to failure in lubricating can be prevented, and hence a compression
ability can be enhanced by rotating the screw rotors 4 and 5 at high speed.
Deterioration of the lubricating oil can be avoided by preventing the overheat
of the lubricating oil, and hence maintenance cost of the screw compressor 1
can be reduced.

Next, Figs. 5 and 6 show a screw compressor 1 according to a second
embodiment of the present invention. In the following description, same
constituent elements as the constituent elements mentioned above will be
given the same reference numerals and a description thereof will be omitted.
In the screw compressor 1 according to the present embodiment, a diameter
of the cooling pipe 26 passing through the oil reservoir 24 of the bearing
chamber 10 which houses the connection gear 19 is larger than a diameter of
the cooling pipe 27 passing through the oil reservoir 25 of the bearing
chamber 11 which houses the synchronous gears 22 and 23.

The connection gear 19 transmits all the torque outputted by the
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gear 21 is larger than a heat generation amount of the synchronous gears 22
and 23. In the present enbodi nent, thermal transm ssion areas of the

cooling pipes 26 and 27 and the oil reservoirs 24 and 25 are differentiated
fromeach other in accordance with a heat generation anmount in the bearing
chanbers 10 and 11 so as to cool the tenperature of the oil reservoir 24 and
the tenperature of the oil reservoir 25 down to the substantially sane
tenperature. It should be noted that when the dianmeters of the cooling

pi pes 26 anxtoR16dpdherotaradendt 8affthounalket wtaf 41 h#l cvoniternthersstrerhronoade
cooling pipes 26 and 27 is decreased. However, a rise in cooling efficiency

due to angehi22and 23norlherdmanital Mt&jf&:lib&&t@fe St mstdIGtd firaoflr op i n
the cooling efficiency due to a decrease in the flowrate. Further, Fig. 7

shows a S%Bﬁfr’]l( & BrPEE PR bl el rROE Y E‘h&‘%yhi":’h1?"oné£'<lh gﬂth SHE et Tt afpd St%d gr esent

I nvention t he screw conpressor 1 accor to the pr esent I ment,

Chanbor ylé‘ﬂﬁegé’fpiémgate 5%%‘3%#%%&%"%%@3@? oo Gon PR Syl 3 Ay

through the beari ggb 11 but also the cool e 26 and the cooling
pi pe 27 aBeatdhae 1”881'{“ aftg?éwraﬁoaaaaawmo ﬂwaqyncﬁgonw}%g@%r@ g wat er
supplied fromthe water cooler 29 is diverged just in advance and supplied
to the coanidng3pi be the presenheembodinmentpitherdal trespaission|areashe thol i ng
water after flow ng through the cooling pipes 26 and 27 is joined together

and i nt r odoglatk pipdsh® anido27 chmitier ofl. rebédrioirs B¢ gud26nirecdiffidentiated t he
flowrate of the cooling water in the cooling pipe 26 is not slower than

the flow Fane e@fh bileerGidhdcagd Medeewithna hidat Ig@ﬁ@iatﬁgn Rt in tWetHba#aig an
orifice or the like, a ratio between the fllow rates of the cooling water of

the cool i g, RinRes 26 011 BE a838! doBP IR Pﬁnﬁgractﬁ[ﬂe RE the oil reservoir 24 and

the temperature of the oil reservoir 25 down to the substantially same
temperature. It should be noted that when the diameters of the cooling
pipes 26 and 27 are increased, a flow rate of the cooling water in the cooling
pipes 26 and 27 is decreased. However, a rise in cooling efficiency due to an
increase in the thermal transmission area is more than a drop in the cooling
efficiency due to a decrease 1n the flow rate.

Further, Fig. 7 shows a screw compressor 1 according to a third
embodiment of the present invention. In the screw compressor 1 according
to the present embodiment, not only the diameter of the cooling pipe 26
passing through the bearing chamber 10 is larger than the diameter of the
cooling pipe 27 passing through the bearing chamber 11 but also the cooling
pipe 26 and the cooling pipe 27 are connected to each other in parallel. That
is, the cooling water supplied from the water cooler 29 is diverged just in
advance and supplied to the cooling pipe 26 and the cooling pipe 27
respectively. The cooling water after flowing through the cooling pipes 26
and 27 is joined together and introduced to the rotor chamber 3.

11



freely set. Therefore, even in the case where the heat generation anount of
the connection gear 19 and the drive gear 21 is considerably larger than the
heat generation anmobunt of the synchronous gears 22 and 23, a ratio between

a cooling ability of the oil reservoir 24 and a cooling ability of the oi
reservoir 25 can be properly set. Further, Fig. 8 shows a screw conpressor
1 according to a fourth enbodi nent of the present invention. In the screw
conpressor 1 according to the present enbodi nent, cooling fins 31 are
protrudi ngly folmehepresdre embbdimenioftheflovhensd oftlde teslingheratbeibehe i ng
chanmber 10 and the cover 18 for sealing the bearing chanber 11. In the

present eghadigpie 26Ne ﬂtﬁaélo%r ttllﬁn ﬂHébﬂbﬁaﬁdt@%f%kz GRlind satdeidihéused to

the outside air by t he above cooling fins 31 Therefore an effect of

cool ing daeybg:daibyi ok glrs%% GLB08 BriRa 6, PERL) BYEBATIRE gigy and the

beari ng ch fur ovvs a screw

Fur Lher | Ralasetdbp eapdumpredeteh i coph ?1%5‘%% G ne Ee

in the bearing chamber 11 shown in Fig. 10, a part of the housr ng 2 form ng
t he beari ftpebhseier ieyetorg, evenin the ca&%@h@m&re heat genexadtonngmoenat par i ng
chanber 11, each part form ng an outer shape of the reservoir just bel ow
the connethé oonygedion] Seaxr 19 e dsthecdiioa gear 2ddarcengiieaablylargeatimmpshe i s
formed in a cylindrical shape which is slightly Ilarger than an outer

peri phery heht EBReGRIvIESIn00AL G€ Bie 3PnEHronbas pAsHR2RRES23, IR ra8abstweerand 23.
That is, shapes of sections of the parts of the housing 2 and the cover 18

for formingqiig £ UBAIBey GHUBRSH Rlseliify Ol arl P2 BoURAL 3ty 31FnEDil AR

ort hogonal to t e roto are s to be arc ﬁapes
havi ng sl bghtalnybeﬁxt ysea%rreters t han outer shapes of the gears 19, 22

Further, Fig. 8 shows a screw compressor 1 according to a fourth
embodiment of the present invention. In the screw compressor 1 according
to the present embodiment, cooling fins 31 are protrudingly formed on the
outside of the housing 2 forming the bearing chamber 10 and the cover 18 for
sealing the bearing chamber 11. In the present embodiment, fche heat of the
lubricating oil can also be diffused to the outside air by the above cooling fins
31. Therefore, an effect of cooling down the lubricating oil enclosed in the
bearing chamber 10 and the bearing chamber 11 is further enhanced.

Further, Fig. 9 shows a screw compressor 1 according to a fifth
embodiment of the present invention. Further in the screw compressor 1
according to the present embodiment, as in the bearing chamber 11 shown in
Fig. 10, a part of the housing 2 forming the bearing chamber 10 and a part of
the cover 18 for sealing the bearing chamber 11, each part forming an outer
shape of the reservoir just below the connection gear 19 or the synchronous
gears 22 and 23, each part is formed in a cylindrical shape which is slightly
larger than an outer periphery of the connection gear 19 or the synchronous
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and 23. Thereby, amounts of the lubricating oil directly agitated by the
connection gear 19 and the synchronous gears 22 and 23 are decreased so

that the heat generation anount of the lubricating oil is reduced. In the
above enbodi nents, the copper pipes are used for the cooling pipes 26 and
27. Since the copper pipes have high thermal conductivity and can be easily
installed by an i nexpensive pipe joint which is comercially available, the
copper pipes also contribute to reduction in manufacturing cost. In the

above, thegedrsonifid o8 'Th%'t‘i@”slﬁé’pé%a{i{‘ sgddo@fswfﬂ{eef)sﬂrse@t tiTRedipgng s in
whi ch |n the SCrew conpressor |n which the screw rotors are |ubricated by

LT o S b 18 B ol B S 32 SCRERRL B sahpgber s s

al so cooI c00 rsu to the T0

it A o e Ate fBaRrdgo 10 Deadh ot hor

are driven_ by synchronous gears and nelther oil nor water is supplied to a
rotor chasbepes having dighithy largendiameters thpn ouser shapsanfitherggars 491 22 or
chanber; a pair of male and fenmal e screw rotors nmeshing with each other, the
screw rot ans P8 nThbmlsedmoursai df the dubeikeatingr o1l bkliasdthy agitated dppohé i ng
rotor shafts of said screw rotors; bearing chanbers for retaining said

beari ngs, cbhfe®BAH kBar A0agk@the dwcngormlpsvg@a@ 29 thh OB d@S&éc\feageﬂ Eor
storing lubricating oil; and cooling pipes through which cooling |iquid
flows, the,sPAld REaPtBftation amount of the lubricating oil is reduced.

In the above embodiments, the copper pipes are used for the cooling
pipes 26 and 27. Since the copper pipes have high thermal conductivity and
can be easily installed by an inexpensive pipe joint which is commercially
available, the copper pipes also contribute to reduction in manufacturing
cost.

In the above, the description is given to particularly preferred
embodiments in which in the screw compressor in which the screw rotors are
lubricated by water, the lubricating oil in the oil reservoirs of the bearing
chambers is also cooled down by the cooling water supplied to the rotor
chamber. However, the present invention can also be applied to a so-called
oil-free screw compressor or the like in which screw rotors meshing with

each other are driven by synchronous gears and neither oil nor water is

supplied to a rotor chamber.
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being fornmed so as to pass through the oil reservoirs. 2. The screw
conpressor according to claim1, wherein said cooling pipes conmunicate with
said rotor chanber so as to supply the cooling liquid to said rotor
chanber. 3. The screw conpressor according to claiml or 2, wherein at |east
any of the rotor shafts of said screwrotors has a gear in said bearing
chanber, and at least a part of the gear is dipped in the oil reservoir. 4.
The screw conpressor according to claim3, wherein an outer shape of the oi
reservoi r Wéitlelhmi: s j ust bel ow a part of the gear dipped in the lubricating
oil is fornmed in a cylindrical shape which is slightly larger than an outer

periphery of thg&g@@.coﬁpr‘ggﬁls%wmr essor according to claim3, wherein
the gear is a connection gear to ich totation force is transmtted froma

drive source. 6 g'égoer&fgmﬁorrpressor according to claim3, wherein 14 the

gear is synchro% géars provided in both the rotor shafts, the

synchronous gears neshing w th.each other for synchronoysly .rot.ati t he
tor shaf s 7 DATE Sbards A aSe At aY otars BrerBna Fth QA AHTn A ho”gear
includes a connection gear to which rotation force is transmtted froma
drive soupetevaretoryhemgohonsedjassaid gptar dwamber;ends on the opposite side of

the connection gear in both the rotor shafts, the synchronous gears neshing
wi t h each ot her béaringy fahsuppmeting rovomshafys bhsaidrerew obafst s.

bearing chambers for retaining said bearings, the bearing chambers
being provided with o1l reservoirs for storing lubricating oil; and
cooling pipes through which cooling liquid flows, the cooling pipes
being formed so as to pass through the oil reservoirs.
2. The screw compressor according to claim 1, wherein
said cooling pipes communicate with said rotor chamber so as to
supply the cooling liquid to said rotor chamber.
3. The screw compressor according to claim 1 or 2, wherein
at least any of the rotor shafts of said screw rotors has a gear in said
bearing chamber, and
at least a part of the gear is dipped in the oil reservoir.
4, The screw compressor according to claim 3, wherein
an outer shape of the oil reservoir which is just below a part of the
gear dipped in the lubricating oil is formed in a cylindrical shape which is
slightly larger than an outer periphery of the gear.
5. The screw compressor according to claim 3, wherein
the gear is a connection gear to which rotation force is transmitted
from a drive source.
6. The screw compressor according to claim 3, wherein
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8. The screw conpressor according to claim7, wherein a dianmeter of said
cool i ng pi pe passing through the oil reservoir in which the connection gear
is dipped is larger than a diameter of said cooling pipe passing through
the oil reservoir in which the synchronous gears are dipped. 9. The screw
conpressor according to claim?7, wherein said cooling pipe passing through
the oil reservoir in which the connection gear is dipped and said cooling
pi pe passing through the oil reservoir in which the synchronous gears are

di pped are conngled gdai @s epethroabhiergeans pasvaldedlin Hdth theer@er shadigphessor
according to claiml1 or 2, wherein said cooling pipes are forned by copper

pi pes. 11gyihigron h@vgegemgﬁﬁﬁge@%g%%yﬂtﬁee fok %&ﬁbﬁr&{o@%\ﬁfaﬁtﬁwtﬁeol i ng

fins are provided on the outsi o gs formng said eari ng chanbers.
15 rotor shafts.
7. The screw compressor according to claim 3, wherein

the gear includes a connection gear to which rotation force is
transmitted from a drive source and synchronous gears provided in ends on
the opposite side of the connection gear in both the rotor shafts, the
synchronous gears meshing with each other for synchronously rotating the
rotor shafts.
8. The screw compressor according to claim 7, wherein
a diameter of said cooling pipe passing through the oil reservoir in
which the connection gear is dipped is larger than a diameter of said cooling
pipe passing through the oil reservoir in which the synchronous gears are
dipped.
9. The screw compressor according to claim 7, wherein
said cooling pipe passing through the oil reservoir in which the
connection gear is dipped and said cooling pipe passing through the oil
reservoir in which the synchronous gears are dipped are connected to each
other in parallel.
10. The screw compressor according to claim 1 or 2, wherein
said cooling pipes are formed by copper pipes.
11. The screw compressor according to claim 1 or 2, wherein
cooling fins are provided on the outside of casings forming said

bearing chambers.
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